Introduction {#Sec1}
============

Hidradenitis suppurativa (HS) is a chronic, relapsing follicular occlusion disease primarily affecting intertriginous areas of the body, such as axillary and inguinal regions \[[@CR1]\]. Its worldwide prevalence is estimated to vary between 0.05 and 4.10%, based on the methodology used \[[@CR2]\]. In the early stages of the disease, manifestations include isolated papules or nodules that spread and become deep-seated abscesses with tunneling tracts as the disease progresses \[[@CR1], [@CR3]\]. In the most advanced stages of the disease, interconnected sinus tracts form between abscesses and extensive scarring occurs \[[@CR1], [@CR3], [@CR4]\].

In addition to its typical clinical manifestations, HS is often accompanied by other follicular occlusion diseases, such as acne conglobata, dissecting cellulitis of the scalp, and pilonidal cyst \[[@CR5]--[@CR7]\]. Inflammatory conditions have also been reported to be frequent in HS patients, including arthritides, autoimmune conditions, metabolic syndrome, and inflammatory bowel disease \[[@CR7]--[@CR16]\]. Several case studies have also documented the co-occurrence of hypertension \[[@CR16]\], asthma \[[@CR17]\], deficiency anemias \[[@CR17]\], kidney disease \[[@CR11], [@CR18]\], herpes simplex \[[@CR15]\], and rare congenital disorders, such as ichthyosis congenital disorder, keratitis ichtyhosis-deafness \[[@CR7]\], and Down syndrome \[[@CR7], [@CR19]\]. Besides physical comorbidities, HS has also been associated with mental comorbid conditions, such as depression and anxiety. Most of the somatic and psychiatric comorbidities in HS patients are linked to the increased expression of pro-inflammatory cytokines, such as tumor necrosis factor alpha, interleukin (IL)1, IL17, and IL32 \[[@CR20]--[@CR22]\]. Finally, although squamous cell carcinoma is relatively rare, it has been reported as one of the most severe complications of HS, with a mortality rate of approximately 50% among HS patients. It has been hypothesized that the development of epithelial malignancies in the context of chronic HS may be due to an impaired local immunity \[[@CR23]--[@CR25]\].

Although a number of studies have reported that HS is accompanied by a multitude of physical and mental conditions, evidence reported in current literature has been largely based on case reports or series of hospitalized or specialty clinic populations and does not provide a complete picture of the comorbidity burden among the general HS patient population in the USA. Only a few comorbidities, such as obesity and diabetes, have been shown to be associated with disease severity \[[@CR26]\]. However, no studies have described and compared the overall comorbidity burden associated with milder versus more severe forms of HS. Therefore, the objective of this study was to estimate the comorbidity burden associated with HS stratified by disease severity.

Methods {#Sec2}
=======

Data Source {#Sec3}
-----------

Patients were selected from the OptumHealth Care Solutions, Inc. database (January 1999--March 2014), an administrative claims database containing medical and pharmacy claims for approximately 14 million privately insured beneficiaries (employees, spouses, and dependents) from 60 self-insured large employers located across the USA. Data in this database are de-identified and comply with the patient confidentiality requirements of the Health Insurance Portability and Accountability Act.

This was a retrospective analysis of anonymized data; no institutional board review was required.

Sample Selection and Study Design {#Sec4}
---------------------------------

Patients with at least two diagnoses for HS (International Classification of Diseases, Ninth Revision, Clinical Modification \[ICD-9-CM\] code 705.83) recorded on different dates between January 1999 and March 2014 were selected. Each HS diagnosis date was identified as a potential index date. Selected patients were required to be at least 18 years of age as of the index date and continuously enrolled in a healthcare plan during the 18-month study period, which spanned 6 months before and 12 months after the index date. All HS patients meeting the selection criteria were included. For HS patients with more than one potential index date meeting the selection criteria, the study index date was randomly selected using an equal probability method.

As HS severity is not currently coded in claims data, it was proxied based on the presence of indicators of more severe forms of HS (described in Table [1](#Tab1){ref-type="table"}). Among the selected HS patients, patients who experienced at least one of the disease severity indicators during the study period were classified as patients with more severe forms of HS (HS-severe). HS patients who did not experience any of the indicators of more severe forms of HS were classified as patients with milder forms of HS (HS-mild).Table 1Indicators of more severe forms of hidradenitis suppurativaIndicators of more severe forms of HS^a^Inpatient/emergency room admission---with a diagnosis of HS on the same daySkin surgery---with a dermatological-related diagnosis on the same day^b^Treatments---within 7 days of an HS diagnosis Antibiotics (oral ≥  90 days) Antimycobacterials (oral ≥  90 days) Anti-infectives (oral ≥  90 days) Corticosteroids (oral ≥ 90 days) Intralesional steroids (≥ 4 per year) Biologics Dapsone Metformin Prostatic hypertrophy agents Retinoids Selected anti-androgens/hormonals Strong pain relievers Other selected treatments^c^*HS* Hidradenitis suppurativa^a^Patients who experienced at least one of the disease severity indicators during the study period were classified as patients with more severe forms of HS (HS-severe). HS patients who did not experience any of the indicators of more severe forms of HS were classified as patients with milder forms of HS (HS-mild)^b^Dermatological-related diagnoses included HS, pilonidal cyst, sebaceous cyst, other cellulitis and abscess, other inflammatory disorders of male genital organs, other abscess of vulva, and other acne^c^Other selected treatments included azathioprine, cyclosporine, leflunomide, methotrexate, and mycophenolate

A retrospective matched cohort design was used to match patients with milder and more severe forms of HS 1:1 to HS-free control patients based on available demographic characteristics, including the year of birth, sex, region of residence, and healthcare plan. To minimize selection bias, we randomly selected controls among all patients meeting the section selection criteria without any diagnosis for HS over the entire period covered by the database. For the patients in the HS-free cohorts, the index date was defined as the same calendar date as that of their matched HS cohort.

Outcomes during the study period were compared between (1) patients with milder forms of HS and their matched HS-free controls, (2) patients with more severe forms of HS and their matched HS-free controls, and (3) patients with milder and more severe forms of HS.

Definition of Outcome and Statistical Analyses {#Sec5}
----------------------------------------------

Patient comorbidities were identified based on medical claims recorded during the study period. Comorbidities reported in the literature to be frequently associated with HS and other physical and mental comorbidities, based on Elixhauser et al. and the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) \[[@CR27]--[@CR29]\], were analyzed.

Patient characteristics and prevalence of comorbidities were summarized using means, medians, and standard deviations for continuous variables and counts and percentages for categorical variables, and also compared between HS patients and their matched HS-free controls using Wilcoxon signed-rank tests for continuous variables and McNemar tests for categorical variables. Comparisons between patients with milder forms of HS and patients with severe forms of HS were conducted using Wilcoxon rank-sum tests for continuous variables and Chi-squared tests for categorical variables. Bonferroni correction was applied to adjust for multiple comparisons. All analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results {#Sec6}
=======

A total of 5357 patients with HS were matched to HS-free controls. Of these patients, 2292 had milder forms of HS and 3065 had more severe forms of HS (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Flow chart of sample selection. *HS* hidradenitis suppurativa, *ICD-9* International Classification of Diseases, 9th Edition. ^1^Index date is the date of the HS diagnosis. ^2^Matched HS-free control patients were required to be  ≥ 18 years of age at the index date and continuously enrolled for  ≥ 6 months before the index date and for  ≥ 12 months after the index date

Overall, the majority of HS patients were female (72.3%), with an average age of 42.2 years. Patients with milder and more severe forms of HS were not significantly different in terms of age and region of residence although there were some minor differences with respect to types of healthcare plan; for example, compared with patients with milder forms of HS, a higher proportion of those with more severe forms of HS were enrolled in point of service and a lower proportion were enrolled in a fee-for-service types of plan (Table [2](#Tab2){ref-type="table"}).Table 2Patient characteristics at baselinePatient characteristics at baselineMatched cohortsMatched cohorts*p* value^a^ HS-mild vs. HS-severeHS-mild (*N* = 2292)HS-free (*N* = 2292)HS-severe (*N* = 3065)HS-free (*N* = 3065)Age, mean (years)^b^42.19 ± 15.24 \[42\]42.19 ± 15.24 \[42\]42.19 ± 14.16 \[42\]42.19 ± 14.16 \[42\]0.6520 18--24367 (16.0)367 (16.0)409 (13.3)409 (13.3)0.0060\* 25--40754 (32.9)754 (32.9)1060 (34.6)1060 (34.6)0.1967 41--64988 (43.1)988 (43.1)1426 (46.5)1426 (46.5)0.0128\* ≥ 65183 (8.0)183 (8.0)170 (5.5)170 (5.5)0.0004\*Female1697 (74.0)1697 (74.0)2176 (71.0)2176 (71.0)0.0137\*Region Northeast429 (18.7)429 (18.7)541 (17.7)541 (17.7)0.3159 Midwest538 (23.5)538 (23.5)728 (23.8)728 (23.8)0.8120 South904 (39.4)904 (39.4)1251 (40.8)1251 (40.8)0.3102 West259 (11.3)259 (11.3)346 (11.3)346 (11.3)0.9896 Unknown162 (7.1)162 (7.1)199 (6.5)199 (6.5)0.4059Type of healthcare plan PPO1172 (51.1)1172 (51.1)1563 (51.0)1563 (51.0)0.9196 POS445 (19.4)445 (19.4)667 (21.8)667 (21.8)0.0362\* Indemnity plan (i.e., fee-for-service)312 (13.6)312 (13.6)321 (10.5)321 (10.5)0.0004\* HMO217 (9.5)217 (9.5)305 (10.0)305 (10.0)0.5550 Other^c^146 (6.4)146 (6.4)209 (6.8)209 (6.8)0.5134Values in table are presented as the mean ± standard deviation with the median in square brackets or as a number with the percentage in parenthesis, as appropriate*HMO* Health Maintenance Organzation,*HS* Hidradenitis suppurativa, *POS* point of service plan, *PPO* preferred provider organization, organization\*Significant at *p* \< 0.05^a^Because patients with milder and more severe HS were matched exactly 1:1 with HS-free control, only a comparison between patients with milder HS and patients with more severe HS was possible at baseline^b^Age at the index date^c^Other types of healthcare plans included exclusive provider organization, pharmacy network, independent practice association healthcare plans, locked in healthcare plans, and unknown plans

Comorbidities Reported to be Associated with HS {#Sec7}
-----------------------------------------------

Comorbidities reported in the literature to be associated with HS were more frequently observed in the HS cohorts (mild and severe) than in the HS-free cohorts. All findings presented are significant at *p* \< 0.0001. The largest differences were observed for follicular occlusion diseases (HS-mild vs. matched HS-free controls: 27.4 vs. 6.4%; HS-severe vs. matched HS-free controls: 44.8 vs. 5.4%). Notably, when compared to their respective HS-free cohorts, pilonidal cyst was eightfold more prevalent in the HS-mild cohort and 35-fold more prevalent in the HS-severe cohort (HS-mild: 0.8 vs. 0.1%; HS-severe: 3.5 vs. 0.1%) (Figs. [2](#Fig2){ref-type="fig"}, [3](#Fig3){ref-type="fig"}; Electronic Supplementary Material Tables S1 and S2). Also compared to their respective HS-free cohorts, dissecting cellulitis of the scalp (HS-mild: 9.5 vs. 0.7%; HS-severe: 9.0 vs. 0.7%) and sebaceous cyst (HS-mild: 10.8 vs. 2.3%; HS-severe: 29.5 vs. 1.8%) were also found to be more than fivefold prevalent in the HS-mild cohort and tenfold more prevalent in the HS-serve cohort. Additionally, acne conglobata and other acne (HS-mild: 11.4 vs. 3.8%; HS-severe: 13.0 vs. 3.4%) were over threefold more prevalent in both HS cohorts than in their respective HS-free controls.Fig. 2Comparison of comorbid conditions between HS-mild cohort and matched HS-free controls. All plotted effects are significant after Bonferroni correction to an overall level of 0.05. Dagger indicates that other physical and mental comorbidities were taken from Elixhauser et al. and the Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-5) \[[@CR27]--[@CR29]\] Fig. 3Comparison of comorbid conditions between HS-severe cohort and matched HS-free controls. All plotted effects are significant after Bonferroni correction to an overall level of 0.05. Dagger indicates that other physical and mental comorbidities were taken from Elixhauser et al. and the DSM-5 \[[@CR27]--[@CR29]\]

Compared to their respective HS-free cohorts, inflammatory conditions, notably, rheumatoid arthritis/collagen vascular diseases (HS-mild: 3.9 vs. 2.0%; HS-severe: 5.4 vs. 1.8%) and psoriasis (HS-mild: 2.1 vs. 0.6%; HS-severe: 2.2 vs. 0.8%) were found to be almost threefold more prevalent in both HS cohorts. Additionally, in the HS-severe cohort, pyoderma (1.2 vs. 0.1%) and Crohn's disease (HS-severe: 1.4 vs. 0.3%) were found to be 12-fold and fivefold, respectively more prevalent than in the HS-free cohort.

Endocrine/metabolic and hormone-related conditions, particularly obesity (HS-mild vs. matched HS-free controls: 10.8 vs. 3.0%; HS-severe vs. matched HS-free controls: 11.3 vs. 2.6%), diabetes (HS-mild: 13.0 vs. 6.1%; HS-severe: 19.2 vs. 6.0%), polycystic ovary syndrome (PCOS; HS-mild: 1.4 vs. 0.3%; HS-severe: 2.0 vs. 0.6%), hypertension (HS-mild: 28.1 vs. 17.3%; HS-severe: 33.4 vs. 17.4%), dyslipidemia (HS-mild: 28.8 vs. 17.2%; HS-severe: 30.7 vs. 18.7%), and thyroid disease (HS-mild: 12.0 vs. 8.6%; HS-severe: 12.0 vs. 7.8%) were all found to be more prevalent in the HS cohorts than in the HS-free cohorts.

Among other comorbidities reported in the literature to be associated with HS, herpes simplex (HS-mild vs. HS-free controls: 2.2 vs. 0.6%; HS-severe vs. HS-free controls: 2.6 vs. 1.0%), asthma (HS-mild: 7.8 vs. 4.5%; HS-severe: 9.8 vs. 4.8%), deficiency anemias (HS-mild: 8.0 vs. 4.5%; HS-severe: 11.1 vs. 4.4%), depression (HS-mild: 12.0 vs. 7.3%; HS-severe: 14.4 vs. 7.2%), and anxiety disorders (HS-mild: 8.5 vs. 5.1%; HS-severe: 9.2 vs. 5.9%) were also found to be more prevalent in the HS cohorts than in the HS-free cohorts. Lastly, among patients with more severe forms of HS, kidney disease (HS-severe: 3.1 vs. 0.5%) and non-cutaneous malignant neoplasms (HS-severe: 4.6 vs. 2.1%) were also found to be significantly more prevalent than in the HS-free cohort.

Other Comorbid Conditions {#Sec8}
-------------------------

Regarding other comorbidities, compared to the HS-free cohorts, physical and mental comorbidities \[[@CR27], [@CR28]\], chronic pulmonary disease (HS-mild: 13.6 vs. 7.5%; HS-severe: 17.0 vs. 7.2%), and valvular disease (HS-mild: 3.8 vs. 1.9%; HS-severe: 4.1 vs. 1.7%) were found to be more prevalent in the HS cohorts. Psychoses (HS-mild: 7.1 vs. 4.4%; HS-severe: 9.5 vs. 4.6%), substance-related and addictive disorders (HS-mild: 6.4 vs. 1.9%; HS-severe: 10.8 vs. 2.0%), and sleep--wake disorders (HS-mild: 8.6 vs. 3.4%; HS-severe: 11.1 vs. 4.6%) were also found to be more than 1.5-fold more prevalent in the HS cohorts than in the HS-free cohorts.

In addition, among patients with more severe forms of HS, fluid and electrolyte disorders, pulmonary circulation disorder, congestive heart failure, drug abuse, liver disease, peripheral vascular disorder, weight loss, and other neurological disorders were found to be at least twofold more prevalent than in the HS-free cohort.

Patients with Milder Versus More Severe Forms of HS {#Sec9}
---------------------------------------------------

Patients with more severe forms of HS were associated with an incremental burden compared to patients with milder forms of HS (Fig. [4](#Fig4){ref-type="fig"}). Notably, among comorbidities typically reported in the literature to be associated with HS, pilonidal cyst was over fourfold more prevalent in patients with more severe forms of HS than in patients with milder forms of HS (3.5 vs. 0.8%). Sebaceous cyst (29.5 vs. 10.8%) and kidney disease (3.1 vs. 1.5%) were also over twofold more prevalent in patients with more severe forms of HS. Hypertension (33.4 vs. 28.1%), diabetes (19.2 vs. 13.0%), and deficiency anemias (11.1 vs. 8.0%) were also found to be more prevalent in patients with more severe forms of HS. Among other comorbidities not typically reported in the literature to be associated with HS, congestive heart failure (2.9 vs. 1.0%) and substance-related and addictive disorders (10.8 vs. 6.4%) were, 2.9-fold and 1.7-fold more prevalent in patients with more severe forms of HS than in patients with milder forms of HS.Fig. 4Comparison of comorbid characteristics between HS-severe and HS-mild cohorts. All plotted effects are significant after Bonferroni correction to an overall level of 0.05. Dagger indicates that other physical and mental comorbidities were taken from Elixhauser et al. and the DSM-5 \[[@CR27]--[@CR29]\]

Discussion {#Sec10}
==========

Although prior studies have shown that HS is accompanied by a myriad of comorbid conditions \[[@CR7], [@CR30]\], the generalizability of the results from prior studies is generally limited by the small sample sizes and the limited number of pre-selected comorbidities. In addition, despite the fact that the comorbidity burden of HS is likely to vary with the severity of the disease, the relationship between HS severity and the comorbidity burden has not been yet characterized from an epidemiological perspective. In this study, we assessed the comorbidity burden of HS, stratified by indicators of disease severity, in a large sample of US patients, assessing more than 60 comorbid conditions. Our results show that the comorbidity burden among HS patients is substantial and becomes increasingly more intense in patients with severe forms.

Several physical and mental comorbidities were found to be more prevalent in both patients with milder and those with more severe forms of HS compared to their matched controls, in agreement with findings reported in the literature \[[@CR5], [@CR7], [@CR8], [@CR13]--[@CR18], [@CR31]--[@CR33]\]. These comorbidities included follicular occlusion conditions (acne conglobata, dissecting cellulitis of the scalp, and pilonidal cyst), endocrine, metabolic, and hormone-related disorders (diabetes, obesity, dyslipidemia, PCOS, and thyroid disease), cardiovascular disorders, such as hypertension, inflammatory conditions (psoriasis and rheumatoid arthritis/collagen vascular disorder), psychiatric disorders (depression and anxiety), as well as other diseases, such as deficiency anemia, asthma, and herpes simplex.

Although the present study included a general definition of thyroid disease (i.e., comprising both hyperthyroidism and hypothyroidism), compared to the matched controls hyperthyroidism (HS-severe: 1.4 vs. 0.5%) and hypothyroidism (HS-severe: 9.1 vs. 6.1%) were each found to be more prevalent in patients with more severe forms of HS. The association observed between hyperthyroidism and HS is in agreement with published results, but the association observed between hypothyroidism and HS contrasts what has been previously reported \[[@CR34]\]. However, drawing direct parallels between the results of this study and those of previous studies is challenging due to differences in study designs, data sources, and sample populations. In addition, there are conflicting reports regarding the associations between HS and Hashimoto's thyroiditis and hypothyroidism \[[@CR35]--[@CR37]\]. In the present study, there was no significant association observed between Hashimoto's thyroiditis and HS.

Other comorbidities, such as valvular disease, chronic pulmonary disease, sleep/wake disorders, substance-related/addictive disorders, and psychoses, were also observed to be more prevalent in both patients with milder and more severe forms of HS than in their matched controls. Additional physical and mental comorbidities were found to be more prevalent among patients with more severe forms of HS than in their matched controls. Some of these comorbidities, such as kidney disease, Crohn's disease, malignant neoplasms, pyoderma gangrenosum, bipolar disorder, and drug abuse have been previously reported \[[@CR7], [@CR11], [@CR13], [@CR18], [@CR30], [@CR32], [@CR37]--[@CR40]\], while others, such as fluid and electrolyte disorders, other neurological disorders, congestive heart failure, pulmonary circulation disorder, peripheral vascular disorder, liver disease, weight loss, elimination disorders, and trauma/stress-related disorders, have not.

The higher prevalence of comorbidities, including follicular occlusion conditions, metabolic syndrome, and inflammatory conditions in HS patients, could potentially be explained by the common inflammatory mechanisms and immune dysregulation typically implicated in autoimmune disorders \[[@CR41]\]. Notably, HS patients have been shown to have elevated levels of systemic inflammation that surpass those of psoriasis \[[@CR42]\]. It has also been hypothesized that the deep-seated chronic inflammation observed in HS may be associated with atrophy of the sebaceous glands and follicular hyperkeratinization and destruction \[[@CR41]\], in accordance with the recent definition of HS as an autoinflammatory keratinization disease \[[@CR43]\]. To that extent, it is likely that the more severe forms of HS may relate to greater increases in systemic inflammation and be associated with a greater number, and proportion, of comorbidities observed in HS. Indeed, the results of this study suggest that the comorbidity burden of HS increases in more severe forms of the disease and that this burden may be cumulative in advanced stages. Several comorbidities were found to be more prevalent in patients with more severe forms of HS, such as pilonidal cyst, sebaceous cyst, deficiency anemia, kidney disease, diabetes, and hypertension, which have previously been associated with HS, as well as other comorbidities, such as congestive heart failure and substance-related/addictive disorders.

Limitations {#Sec11}
-----------

Although the results of the present study indicate an increased comorbidity burden associated with HS and more so with more severe forms of HS, it must be noted that some patients with the milder forms of HS may have been untreated, which may indicate a more conservative estimate of the comorbidity burden associated with HS.

Since claims data do not provide information on disease severity, our analytic approach was limited in terms of identifying patients with milder and more severe HS. Patients with these forms were identified using an empirical algorithm based on the types of treatments received; potential misclassification of patients as having milder or more severe forms of HS may have yielded an overestimation of the comorbidity burden for patients with milder forms of HS or an underestimation of the comorbidity burden for patients with more severe forms of HS. The rate for some of the study comorbid conditions may have been underestimated, for example, in cases of patients whose comorbid conditions was managed at home and for comorbid conditions that did not require medical attention. Although the database utilized in this study contained approximately 14 million privately insured beneficiaries, across 60 large US corporations, it is limited to privately insured employees and their dependents. Access to care may be different for patients who are not privately insured, and it is unclear if their comorbidity burden might differ.

Conclusions {#Sec12}
===========

Overall, the results from this study are in line with those from prior studies showing a substantial comorbidity burden among patients with HS. They also suggest that the comorbidity burden increases with disease severity. As many of the comorbid conditions observed in patients with HS belong to a wide range of clinical categories, our results suggest that the management of HS and its numerous comorbidities might require a multidisciplinary approach involving the coordinated effort of a team of specialists. In this context, a better understanding of which comorbidities are most frequently encountered at different stages of HS is particularly important to help physicians plan and optimize treatment strategies \[[@CR4]\].
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